Aortic disease can present as an acute chest pain syndrome. Although aortic dissection is the most common etiology, other processes such as intramural hematoma (IMH) and penetrating atherosclerotic ulcers are being increasingly recognized. They can all be accurately identi ed by computed tomography (CT) imaging or transesophageal echocardiography. The overlap between these processes regarding de nition and mechanism is controversial. Treatment for all three conditions has thus far been dictated by location, wherein ascending or arch involvement (Stanford type A) necessitates surgery and descending disease (type B) is treated medically. Small studies suggest that subgroups of type A IMH may be treated medically with good outcomes.
bilaterally. The abdomen was soft and non-tender, without organomegaly, masses, or bruits. The extremities were normal with palpable pulses and without edema, tenderness, or cyanosis.
Admission laboratory evaluation was signi cant for a CPK of 90 mg/dl with an MB relative index of 3.1 (normal ,3). The cardiac troponin T was slightly elevated at 0.07 ng/ml (normal ,0.01), WBC 13 000, Hct 33%, sodium 125 mmol/l, BUN 12 mg/dl (4.3 mmol/l), Cr 0.9 mg/dl (80 mmol/l), glucose 233 mg/dl (12.9 mmol/l), AST 146 IU/l, ALT 100 IU/l, total bilirubin 1.5 mg/dl (26 mmol/l) and alkaline phosphatase 74 IU/l. The initial electrocardiogram showed sinus rhythm with mild diffuse ST elevation and PR depression ( Figure 1 ) and the chest X-ray revealed a tortuous aorta with mild right lower lung opaci cation ( Figure 2 ). A ventilation/perfusion scan was classi ed as low probability for pulmonary embolus. The admitting diagnosis was pericarditis of presumed viral etiology.
On hospital day 1, the patient had improvement of her chest pain while receiving oral non-steroidal anti-in ammatory medication. A pericardial friction rub was transiently appreciated. The hematocrit dropped to 28%. The blood pressure decreased, but responded to a uid challenge. She developed atrial brillation with a rapid ventricular response and was transferred to the coronary care unit. She received oral metoprolol, but developed wheezing. Intravenous diltiazem was given with subsequent conversion to normal sinus rhythm. A limited bedside echocardiogram revealed mild left ventricular hypertrophy with normal left ventricular function and absence of pericardial effusion. A chest X-ray demonstrated a right lower lobe in ltrate and a small left pleural effusion. A diagnosis of pneumonia was given and intravenous antibiotics were started.
On hospital day 2, the patient had further respiratory distress and required 100% oxygen. The chest X-ray showed a small increase in the left-sided pleural effusion. Oral diltiazem and intravenous antibiotics were continued.
On hospital day 3, the lung exam revealed severely decreased breath sounds over the left hemithorax. The chest X-ray showed dramatic worsening of the left pleural effusion ( Figure 3 ). Thoracentesis was performed and 750 ml of serosanguinous uid was removed containing 185 000 RBC and 234 WBC. The post-thoracentesis chest X-ray con rmed evacuation of the pleural effusion. The effusion was attributed to a parapneumonic process, and diagnoses of pulmonary emboli and tuberculosis were considered possible but unlikely by a pulmonary consultant. On hospital day 4, the patient developed a fever of 38.2°C. She again had episodes of atrial brillation and a dose of low molecular weight heparin was given to prevent atrial thrombus.
On hospital day 5, the patient again had a high oxygen requirement. She denied any chest or back pain. The chest X-ray showed re-accumulation of the left pleural effusion. A contrast-enhanced chest computed tomography (CT) scan with thin slices revealed a penetrating ulcer of the ascending aorta with extensive intramural hematoma (IMH) which also extended into the descending aorta ( Figures 4 and 5 ). Emergent cardiothoracic surgical consultation was obtained. Blood pressure increased, necessitating intravenous esmolol and nitroprusside. Two units of packed red blood cells were transfused.
On hospital day 6, the patient underwent an uncomplicated cardiac catheterization which revealed non-critical coronary artery disease. She was taken for surgical exploration. There was blood in the pericardial space and the ascending aorta was very dilated. Transection of the ascending aorta showed a large amount of intramural coagulated blood of various ages. She underwent graft replacement of her ascending aorta and aortic arch. She was weaned off cardiopulmonary bypass without dif culty and extubated the following day. She recovered well and was discharged home on post-operative day 5. The pathologic specimen revealed extensive atherosclerosis and IMH without evidence of an intimal tear or vasculitis.
Several weeks later, the patient was re-admitted to the hospital for recurrence of chest pain, re-accumulation of pleural effusion, and low-grade temperature. A chest and abdominal CT scan was performed and compared with the initial scan: the dissection plane had extended further distally to the origin of the superior mesenteric artery ( Figure  6 ). Conservative, non-operative treatment was employed. She stabilized and was discharged home. 
Discussion
Aortic disease is a well-described etiology of acute chest pain syndromes. Whereas the diagnosis of aortic dissection (AD) is often entertained in a patient with tearing chest and back pain with differential blood pressures in the upper extremities, other aortic processes may manifest with less speci c ndings. However, differentiating any type of aortic pathology from other more common etiologies of chest pain can be dif cult. Given this patient's cardiovascular risk factors and the prevalence of ischemic heart disease, the likelihood of an acute coronary syndrome was high. Indiscriminate use of anti-coagulant agents, including brinolytics, anti-thrombotics, and glycoprotein IIb-IIIa inhibitors, or perhaps even cardiac catheterization, for an acute coronary syndrome could have been disastrous. Furthermore, her recent long aeroplane journey, hemorrhagic pleural effusion, and respiratory compromise made the diagnosis of pulmonary embolism dif cult to exclude, despite the low probability ventilation-perfusion scan. As a common, but often elusive, cause of acute chest pain, dyspnea, and even mortality, pulmonary embolism often remains on the differential diagnosis, demanding consideration of therapy including heparin or thrombolytic agents which may be harmful.
Pericarditis was considered the leading diagnosis in this patient at the time of admission, given the nature of the pain and the suggestive electrocardiogram. The initial response to anti-in ammatory treatment and transient pericardial friction rub on exam supported this hypothesis, but the clinical syndrome of recurrent, large, unilateral, pleural effusion forced reconsideration of other possible diagnoses. This case reinforces the familiar notion that original diagnoses must be continually re-challenged and amended in the face of new developments.
Other causes of acute chest pain were dif cult to exclude in this patient. Pneumonia, esophageal disorders, and hepatobiliary disease may share features of this patient's original history, physical examination, and laboratory analysis. Perhaps only pneumothorax and musculoskeletal pain, as etiologies of acute chest pain, could have comfortably been excluded at the initial evaluation.
Chest pain can be a manifestation of aortic pathology and must be considered in any patient with a history of chest trauma, hypertension, atherosclerosis, connective tissue disorder, and/or ndings of end-organ hypoperfusion, pleural or pericardial effusions, or radiographically abnormal aortic contours. The development of accurate, noninvasive imaging techniques have enabled better visualization of the aortic wall and its pathology. In addition to AD, these techniques are increasingly utilized to diagnose IMH and penetrating atherosclerotic ulcers (PAU), which will be the focus of the following discussion.
Retrospective analyses of patients with suspected AD have revealed that 5-17% of patients actually have either IMH or PAU. 1 -3 In contrast to patients with acute AD who tend to be younger with connective tissue disorders, those with IMH or PAU are usually older, in the seventh to ninth decade of life, with longstanding hypertension and a higher atherosclerotic burden. The presentations of AD, IMH, or PAU may be similar with chest and/or back pain, but in the latter two conditions, since no false lumen has developed, there is no differential in upper extremity blood pressures and they rarely result in bowel or lower extremity ischemia. In each of the conditions, the location of the pain correlates with the aortic segment involved, with chest pain more often seen in ascending processes, whereas back pain is more common with descending aortic pathology.
Localization of IMH and PAU is classi ed by the Stanford nomenclature described for AD 4 wherein type A refers to involvement of the ascending aorta up to the left subclavian artery, and type B indicates descending only (Figure 7 ). In the largest analysis of 143 cases of IMH, 57% were reported to be type A, 5 although the vast majority (90%) of PAU is seen in the descending aorta. 1 There is controversy regarding the pathophysiology of IMH and PAU, and it has been suggested that IMH, PAU and AD are variations on a continuum of aortic disease. AD is initiated by an intimal tear, presumably at the site of injury or instability, with resultant propagation within the middle third of the medial layer of the aorta. The etiology of IMH has been proposed to be due to rupture of the vasovasorum 6 ,7 or hemorrhage within an atherosclerotic plaque, 8 with development of a hematoma in the outer third of the medial layer. Others have suggested that IMH is simply AD with an unrecognized intimal ap, or that IMH is the precursor to AD. PAU refers to an atherosclerotic lesion, which penetrates beyond the intimal layer and is usually a focal lesion, although it can be associated with hemorrhage and dissection as well (see Figure 8 ). Each of these lesions carries the risk of progression or aortic rupture. Furthermore, IMH is more often associated with pericardial effusion, pleural effusion, and mediastinal hemorrhage, all indications of impending aortic rupture. Several imaging modalities are available for diagnosis and follow-up, including CT, transesophageal echocardiography (TEE), and magnetic resonance imaging (MRI). Formerly, aortography was the only method available to evaluate aortic diseases, but it lacked sensitivity. Presently, noninvasive imaging has emerged as the preferred method of evaluation. In the largest series of IMH, 5 81% of the patients had undergone CT scanning, in which the hematoma was identi ed as a continuous, crescentic, highattenuation lesion without an associated intimal defect or false lumen. Helical (spiral) CT has been proposed as the diagnostic test of choice, 9 in that it is rapid, non-invasive, readily available, accommodates most body sizes, and allows monitoring of a potentially unstable patient. It is quite accurate for diagnosing AD with a sensitivity of 94% and speci city of 87%, 1 0 although its performance in patients with IMH or PAU is not well described, due to the relatively small cohort of such patients. It has been described that IMH is more visible in the descending aorta, as it tends to be thicker and therefore better recognized. 8 Finally, CT imaging can provide additional information on other thoracic structures, in a comprehensible format, which may be especially useful for surgical planning.
Advocates of transesophageal echocardiography report higher accuracy for diagnosing aortic disease, with a sensitivity of 97-100% and speci city of 77-100%. 1 1 This technology is also rapid, readily available, and relatively low cost, and has the additional advantages of portability and ability to assess ventricular function, valvular competency (especially aortic regurgitation), presence of pericardial effusions with or without tamponade, and involvement of the great vessels. However, it is unable to evaluate the abdominal aorta distal to the stomach (most distal positioning of the probe), and may inadequately visualize the aortic arch (due to interference by the air-lled trachea). Findings of IMH include >7 mm crescentic or circular thickening of the aortic wall, without Doppler-detectable ow within the wall (i.e. no false lumen), and without an actual intimal ap (Figure 9 ), the major distinction from AD ( Figure 10 ). It may be dif cult to differentiate AD with a thrombosed lumen from IMH if no mobile intimal ap is seen. PAU is visible as a crater-like outpouching of the aorta associated with irregular, jagged edges or associated aortic plaque (Figure 11) . A small series of patients have reported 90-100% sensitivity and 91-99% speci city of TEE in diagnosing IMH. 1 2 ,1 3 Although MRI may provide superior resolution of the aortic wall and its layers, the high cost, lack of widespread availability, and inability to closely monitor potentially unstable patients limit its widespread use in the acute setting. With a sensitivity and speci city of 98%, 1 0 it may have a role in the evaluation of chronic aortic disease.
The treatment of IMH and PAU parallels the approach in conventional AD. Namely, type A lesions are treated surgically, whereas type B lesions are managed medically with aggressive anti-hypertensive therapy. The rate of aortic rupture has been reported to be much higher for IMH (35%) and PAU (42%) compared with AD (type A 7.5%, type B 4.1%), 1 a nding also described in another recent surgical series, in which the presence of PAU in type B lesions carried a higher risk of disease progression and need for intervention. 1 4 The largest published series of IMH, in which 43% of patients underwent surgery, revealed a mortality rate of 21%, 5 which is lower than previous reports. 1 5 The mortality for patients with type A IMH was improved with surgical treatment (14%) versus medical treatment Vascular Medicine 2002; 7: 281-287 (36%) in this non-randomized cohort. Subsequent studies suggest that the prognosis of IMH may be even better.
It has been proposed that conservative management of IMH can be successful, in a small series of high-risk elderly patients. 1 6 Follow-up imaging and clinical assessment over 2 years con rmed resolution and good outcomes, respectively. Another group 1 7 managed 44 patients with IMH medically, provided that they did not have cardiac tamponade or aortic enlargement (.55 mm). Follow-up imaging with TEE con rmed that 48% of the cases resolved by 6 months. The remaining patients were described to have either persistence of the IMH (45%) or progression to AD (11%). Resolution was more likely in younger patients and those with smaller aortic diameter. However, only two of these 21 cases of resolution involved type A IMH lesions. The same group also reported 22 consecutive patients with type A IMH evaluated by serial CT scans on admission and 1 month later, 1 8 in which 45% had progression (nine patients) or rupture (one patient). Aortic enlargement at presentation was the best predictor of progression (positive predictive value 83%, negative predictive value 100%). Another report of 24 patients with IMH reported that only 25% were initially treated surgically and 17/18 of those treated medically survived. 1 9 The incidence of hospital death (8%), operative mortality (17%) and 2-year survival of those discharged (84%) did not differ from the larger group with AD. The collective data support the approach employed in our patient, in whom surgery was performed for the initial type A lesion, but medical management was used for the descending IMH and dissection. However, further study of larger patient cohorts may prove that a conservative approach for certain subsets of patients with type A IMH is warranted.
Aortic stent grafting has been developed as a less invasive treatment option for aortic aneurysms. While such stents have been used in patients with AD, 2 0 a preliminary report Vascular Medicine 2002; 7: 281-287 of two patients with IMH suggests that implantation of the stent in the setting of IMH is suboptimal. 2 1 However, endovascular repair of PAU was successful in a different series of type B patients, 1 4 many of whom showed signs of disease progression. Therefore, this rapidly developing eld may add to the options available for treatment of patients with acute aortic syndromes.
Summary
Acute aortic syndrome is an important consideration in the evaluation of a patient with chest pain. Etiologies include AD with a false lumen and intimal ap, IMH, and PAUs.
The latter two conditions tend to occur more commonly in older patients with advanced atherosclerotic disease, and may result from a different pathophysiologic process than acute dissection. These disorders can be assessed by CT or transesophageal imaging, with high diagnostic accuracy. Although IMH and PAU may carry a higher risk of rupture, especially when located in the ascending aorta, certain characteristics may portend a better prognosis such as younger age, smaller aortic size, and resolution on follow up-imaging. Currently, treatment is strati ed as in AD, with type A lesions approached surgically and type B lesions managed medically.
